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IntRoductIon
Non-Hodgkin's lymphoma (NHL) is the fifth most common type of cancer, accounting for 4-5% of new cancer cases and 3% of cancer-related deaths. [1] Diffuse large B-cell lymphoma (DLBCL) and follicular lymphoma (FL) are the most common subtypes of B-cell NHL, accounting for 31% and 22% of new cases in patients from developed countries, respectively. [2] In China, DLBCL is the most common form of NHL, accounting for 40-50% of newly diagnosed cases. [3] Hepatitis B virus (HBV) infection is highly endemic in China compared with developed countries. Hepatitis B surface antigen (HBsAg) can be detected in 25-61% of patients with DLBCL and 20-40% of those with FL. [4] Rituximab plus chemotherapy (R-chemo) is the standard first-line treatment for patients with DLBCL or FL, with several randomized clinical trials (RCTs) having demonstrated its benefits. [5] [6] [7] [8] [9] [10] Reactivation of HBV is a well-established complication of R-chemo and can result in hepatic mortality and interruptions in chemotherapy. [11, 12] It is of great importance to generate real-world data to translate the outcomes of clinical trials into actual clinical practice, having important implications for oncologists treating patients with comorbidities such as HBV infection. Despite the clinical importance of rituximab in real-world clinical settings in China, prospective real-life data on the safety and effectiveness of R-chemo in patients with DLBCL or FL are limited. We therefore performed a prospective, multicenter, noninterventional study to evaluate R-chemo as first-line treatment in Chinese patients with DLBCL or FL. Interim analyses were performed 120 days after the last rituximab administration. Short-term findings showed that R-chemo was well tolerated, and the overall response rate (ORR) among patients with DLBCL was 94.2%. Furthermore, HBsAg positivity represented a poor prognostic factor for complete response (CR) rate in Chinese patients with DLBCL. [13] In this study, we evaluated long-term safety and effectiveness outcomes of R-chemo in real-world clinical settings in Chinese patients with DLBCL or FL. HBV reactivation management was also investigated.
Methods

Ethical approval
The study protocol was approved by the Institutional Review Board at Jiangsu Cancer Hospital (No. 2010NL-053). This study was performed in accordance with Good Clinical Practice and the ethical principles of the Declaration of Helsinki. All patients provided written informed consent. The study was registered at clinicaltrials.gov (NCT01340443).
Study design and patients
We conducted a prospective, multicenter, single-arm, noninterventional study of previously untreated CD20-positive DLBCL or FL patients receiving first-line R-chemo treatment at 24 centers in China between January 17, 2011, and October 31, 2016. Study sites were selected from practice settings geographically distributed across China. All treatment decisions were at the investigator's discretion, including individual dose, duration of R-chemo, and method and frequency of clinical assessments, in accordance with local labeling information (rituximab administered at a dose of 375 mg/m [2] body surface area, once every 3 weeks) and standard clinical practice. Enrolled patients underwent safety and effectiveness assessments after the last rituximab dose and were followed up for 3 years. Follow-up was conducted every 3 months for the first 2 years and every 6 months for the 3 rd year. 
Safety and effectiveness assessments
Safety endpoints included adverse events (AEs), serious AEs (SAEs), drug-related AEs (ADRs), and AEs of special interest (AESI), according to the Common Terminology Criteria for AEs (CTCAE) Version 4.0 (CTCAE v4.0). [14] Effectiveness endpoints included ORR, CR, unconfirmed CR (CRu), partial response (PR), progression-free survival (PFS), and overall survival (OS). ORR was defined as the proportion of patients achieving CR, CRu, or PR. Treatment response was evaluated using standardized response criteria for NHL. [15] PFS was defined as the time from receiving the first dose of treatment until disease progression or death. OS was defined as the time from receiving the first dose of treatment until death from any cause. Measurements for assessment were recorded every two cycles. Computed tomography (CT) and laboratory examinations were performed in accordance with local clinical practice. The management of HBV was evaluated, including diagnostic techniques for HBV infection and liver function screening before R-chemo, monitoring of viral replication during and after R-chemo, use of antiviral prophylaxis, and HBV reactivation. HBV reactivation was defined according to the consensus definition of the Chinese Society of Hematology (Chinese Medical Association), Chinese Anti-Cancer Association, and Chinese Society of Hepatology (Chinese Medical Association). [4] For patients with active HBV infection or inactive carriers (HBsAg positive), reactivation was defined as detectable HBV DNA or ≥1 log 10 of baseline or change in status from HBeAg negative to HBeAg positive. For patients with resolved hepatitis (HBsAg negative/hepatitis B core antibody [HBcAb] positive), reactivation was defined as positive HBsAg or detectable HBV DNA. [4] 
Statistical analysis
We estimated that 300 patients would have the power of at least 80% to detect AEs with incidence rate no <0.54%. All DLBCL or FL patients who received ≥1 dose of R-chemo were included in the safety analysis population. Patients who received ≥1 dose of R-chemo and had undergone ≥1 tumor assessment after baseline were evaluable for effectiveness and were included in the intention-to-treat (ITT) population. Descriptive statistics were used to summarize baseline characteristics, HBV infection and replication, and use of antiviral prophylaxis. Demographic data were summarized as mean ± standard deviation (SD) for continuous variables and as percentages for categorical variables. Response rates were assessed by calculating percentages and 95% confidence intervals (CIs) in the ITT population. Survival endpoints were analyzed with the log-rank test. We used Cox model regression to assess the effect of prognostic factors on PFS and OS in multivariate analyses in DLBCL patients. Given the limited number of patients with FL, Cox regression analysis was not performed in FL patients. Estimates of prognostic factors were expressed as hazard ratios (HRs) and 95% CIs based on the Cox regression. Two-sided statistical tests were performed with a 5% level of significance. All statistical analyses were conducted using SAS version 9.2 (SAS Institute, Inc., Cary, NC, USA).
Results
Characteristics of patients and treatment
Overall, 314 patients were enrolled at 24 centers. One patient withdrew from the study because of a serious protocol violation, leaving 313 patients (DLBCL = 282 and FL = 31) in the safety analysis population. A total of 287 patients (DLBCL = 258 and FL = 29) were included in the ITT population. The main reason for exclusion from the ITT population was lack of tumor assessment at baseline. Of the patients who did not complete the study per protocol, 29 (9.2%) died, 66 (21.0%) were lost to follow-up, 5 (1.6%) violated the inclusion criteria, 7 (2.2%) withdrew their informed consent, and 5 (1.6%) discontinued because of AEs (except death).
The baseline characteristics of patients in the ITT population are summarized in Table 1 . The ITT population of DLBCL patients included 154 (59.7%) patients aged ≤60 years, 98 (38.0%) patients aged 60-80 years, and 6 (2.3%) patients aged >80 years. One hundred and ninety-seven (77.0%) patients had a low or low-intermediate IPI risk score, and 252 (97.6%) patients had an ECOG score ≤2. The ITT population of FL patients included 21 (72.4%) patients aged ≤60 years and 8 (27.6%) patients aged 60-80 years. Among FL patients, 20 (68.9%) had a low or intermediate FLIPI risk score, and all patients had an ECOG score ≤2.
A total of 1390 R-chemo treatment courses were completed by 258 DLBCL patients, including 1284 (92.4%) rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone (R-CHOP) courses and 76 (7.6%) rituximab monotherapy courses. Among FL patients, 22 (75.9%) patients received R-CHOP and 8 (27.6%) patients received rituximab plus cyclophosphamide, vincristine, and prednisolone (R-CVP). The numbers of cycles of completed treatment according to risk group (categorized by IPI or FLIPI score) of DLBCL and FL patients are listed in Table 2 . Fifty-seven (22.1%) DLBCL patients completed eight cycles of treatment, while 122 (88.4%) patients in the low-risk group and 63 (87.5%) in the low-intermediate risk group completed more than four treatment cycles. Thirty-four (70.0%) patients in the intermediate-high-and high-risk groups completed more than six cycles of treatment. For FL patients, approximately 90% of patients in each risk group completed more than four cycles of treatment.
Effectiveness
First-line R-chemo treatment in Chinese patients with DLBCL resulted in an ORR of 94.2% (CR, 55.0%; CRu, 18.2%; and PR, 20.9%). In FL patients, the ORR was 100.0% (CR, 65.5%; CRu, 10.3%; and PR, 24.1%). The median PFS was not achieved for DLBCL patients, whereas the median PFS for FL patients was 2.3 years. The 3-year PFS rate was 59% (95% CI: 50-67%) for DLBCL patients and 46% (95% CI: 20-69%) for FL patients. In univariate analyses, higher IPI score, age >60 years, and ECOG score >2 appeared to be predictive of shorter PFS in DLBCL patients [ Figure 1 ]. PFS did not appear to be associated with tumor maximum diameter, HBV infection status, or number of rituximab treatment cycles. In multivariate analyses, PFS was not associated with any of these variables.
Median OS was not reached for DLBCL or FL patients in the ITT population. The 3-year OS rate was 90% (95% CI: 85-93%) in DLBCL patients and 93% (95% CI: 74-98%) in FL patients. Univariate analyses identified that higher risk (indicated by IPI score) and age >60 years appeared to be predictive factors for shorter OS in DLBCL patients [ Figure 2 ], while tumor maximum diameter, HBV infection status, and number of rituximab treatment cycles were not associated with OS. In multivariate analyses, only age >60 years was associated with decreased OS.
Safety
R-chemo was generally well tolerated as first-line treatment in patients with DLBCL or FL. The incidence of AE-related deaths was 2.1% (n = 6) and 3.2% (n = 1) for DLBCL and FL patients, respectively. Of the 282 DLBCL patients, 6 (2.1%) terminated the study and 16 (5.7%) underwent dose reductions because of AEs. Of the 31 FL patients, 1 (3.2%) terminated the study and 1 (3.2%) had a dose reduction.
The long-term and short-term reported AEs of R-chemo are summarized in Tables 3 and 4 . Short-term data were collected 120 days after the last rituximab dose administration, and long-term data were collected from 120 days after the last rituximab dose administration to the study end. Most AEs occurred within 120 days after the last rituximab dose administration. Of note, no SAE, AESI, or ADR was reported in FL patients from 120 days after the last rituximab dose administration to the study end. The most common AEs in the short term, after R-chemo administration, were low white blood cell count (n = 142, 50.4%), low neutrophil count (n = 61, 21.6%), and nausea (n = 52, 18.4%) in DLBCL patients. The corresponding figures were 13 (41.9%), 7 (22.6%), and 6 (19.4%) for FL patients. In the long term, the most common AE (incidence ≥5%) was low white blood cell count, which was reported in 22 (7.8%) DLBCL patients and 2 (6.5%) FL patients.
Hepatitis B virus reactivation and antiviral prophylaxis
Screening for HBV infection status was performed before R-chemo treatment and defined according to HBV serological marker (HBsAg and HBcAb) positivity. In this study, HBV infection data were available for 98.9% (279/282) of DLBCL patients and 96.8% (30/31) of FL patients. Among DLBCL patients, 8.6% (24/279) were HBsAg positive, 24.7% (69/279) were HBsAg negative/ HBcAb positive, 53.4% (149/279) were HBsAg/HBcAb double negative, and 14.9% (37/279) had unknown HBV infection status at baseline.
HBV reactivation was observed only in patients with DLBCL. The incidence of HBV reactivation in HBsAg-positive and HBsAg-negative/HBcAb-positive patients was 13% (3/24) and 4% (3/69), respectively. Among HBsAg-positive patients, two reactivations were observed during the first cycle of treatment, and one was observed during the eighth cycle of treatment. All three HBV reactivation cases received antiviral prophylaxis. Among HBsAg-negative/HBcAb-positive patients, two reactivations were observed during the first cycle of treatment, and one was observed during the fifth cycle of treatment. Only one of these three reactivation cases Table 5 . For HBsAg-positive patients, antiviral prophylaxis was typically administered before the first dose of rituximab and continued after the last dose. Among the available antiviral agents, lamivudine was most commonly used to treat HBV reactivation in this study, although entecavir and adefovir dipivoxil were also used as prophylactic antiviral therapy [ Tables 3 and 4] .
One AESI of Grade 1 pulmonary fibrosis was reported. The lower right lung of the patient showed a small amount of fibrosis. This noninterventional study of R-chemo as first-line treatment in patients with DLBCL or FL prospectively collected data on outcomes from patients in real-life clinical practice in China. Our findings show that R-chemo is effective and safe in Chinese patients with DLBCL or FL, and that HBV reactivation during R-chemo can be controlled with appropriate preventive measures and treatment.
The efficacy and effectiveness of R-chemo as the standard first-line treatment for DLBCL patients have been widely evaluated in clinical trials and observational studies. The MabThera International Trial (MInT), which compared CHOP-like chemotherapy with and without rituximab in patients aged 18-60 years with DLBCL, reported a 3-year PFS rate with R-chemo of 85%. [6] The RiCOVER-60 study comparing six or eight cycles of CHOP-14, with or without rituximab, in patients aged 60-80 years with aggressive CD20+ B-cell lymphomas, reported a 73.4% 3-year PFS rate after six cycles of R-CHOP-14, and a 68.8% 3-year PFS rate after eight cycles. [8] In a trial including patients aged >80 years who received six cycles of rituximab combined with low-dose CHOP, a 2-year PFS of 47% was reported. [16] Due to differences in study designs and enrolled patients, PFS rates between RCTs and real-world studies are difficult to compare directly. In real-world clinical settings in China, patients tended to be younger (59.7% of patients were ≤60 years) and had low or low-intermediate prognosis risk (76.4%, as identified by IPI); however, 24% of patients had history of heart or liver diseases. [13] Our study reported a 59% 3-year PFS rate in DLBCL patients, reflecting the complex patients in real world. In real-world settings, a retrospective analysis of Japanese patients with DLBCL treated with R-CHOP as first-line therapy during 1996-2005 reported a 61.3% 3-year PFS rate. [17] In China, multiple, retrospective single-center studies of rituximab in DLBCL patients reported 3-year PFS rates ranging from 65% to 80%. [18, 19] However, these retrospective studies may have reported higher PFS rates because of potential biases. In real-world clinical settings in China, chemotherapy treatments and the completed treatment cycles were different in patients, for instance, 92.4% of DLBCL patients received R-CHOP and 88.4% of DLBCL patients completed more than four treatment cycles. Multivariate analyses of DLBCL patients showed that the number of rituximab treatment cycles was not associated with PFS. Different chemotherapies received by patients could result in different effectiveness for DLBCL or FL. Since we aimed to demonstrate the whole picture of R-chemo as first-line treatment in real-world clinical settings, effectiveness of different chemotherapies in particular was not compared.
Consistent with several RCTs, [5] [6] [7] [8] [9] 16] our findings confirmed that rituximab is generally well tolerated and safe in real-world clinical settings, as no unexpected toxicities were reported. Nevertheless, in clinical practice in China, where HBsAg may be detected among 25-61% of patients with DLBCL, the risk of HBV reactivation and the management of HBV infection during R-chemo treatment remain significant concerns. In our study, most patients with HBsAg-positive status (71%, 17/24) received HBV DNA monitoring and antiviral prophylaxis, and 13% (3/24) were identified as having HBV reactivation. Numerous studies have reported a 16-70% incidence of HBV reactivation in HBsAg-positive patients with lymphoma receiving R-chemo. [20] In 2015, a meta-analysis of 14 studies showed a decreased risk of HBV reactivation and hepatitis in HBsAg-positive lymphoma patients receiving prophylaxis. In addition, patients given prophylactic lamivudine had a significant reduction in overall mortality and mortality attributable to HBV reactivation compared with a control group. [21] Given the significant risk of HBV reactivation in HBsAg-positive patients, multiple clinical guidelines, including those of the CMA, recommend the screening of all patients, or patients at higher risk of HBV reactivation, for HBV infection. Furthermore, for patients with HBsAg-positive status, prophylactic antiviral therapy is preferred. [4] Unlike the consistent recommendations for HBsAg-positive patients, the optimal management of patients with HBsAg-negative/HBcAb-positive status is less clear. A recent meta-analysis reported a pooled rate of 9% HBV reactivation in HBsAg-negative/HBcAb-positive patients after treatment with rituximab. [22] We found that the incidence of HBV reactivation in HBsAg-negative/ HBcAb-positive patients was 4% (3/69). Our relatively low incidence of HBV reactivation might be attributable to HBV infection status monitoring and subsequent prophylactic use. A total of 31/69 (45%) patients with HBsAg-negative/ HBcAb-positive status was monitored for HBV DNA, and 7/69 (10%) received antiviral prophylaxis. The European Association for the Study of the Liver and the National Comprehensive Cancer Network currently favor prophylaxis in this patient population during cancer treatment. [23, 24] The CMA endorses close monitoring of the HBV DNA viral load in HBsAg-negative/HBcAb-positive patients receiving immunosuppressive or cytotoxic drugs. Those patients testing positive for HBsAg and HBV DNA should undergo antiviral prophylaxis. As observed in the present study, the maintenance of antiviral treatment after completion of antitumor therapy and long-term monitoring during the management of HBV infection are far from optimal and require adherence to local guidelines.
Our findings show that the majority of physicians in China acknowledged the importance of HBV screening and HBV DNA monitoring. However, the definition of HBV infection is inconsistent, and HBV infection monitoring and antiviral treatment remain suboptimal. Nevertheless, no patient died or developed hepatitis following HBV reactivation. These findings suggest that HBV reactivation during R-chemo can be controlled with appropriate preventive measures and treatment.
In this study, one AESI of Grade 1 pulmonary fibrosis was reported. The lower right lung of the patient showed a small amount of fibrosis, which was reported during R-chemo treatment, but this was judged by the investigator as not related to rituximab. Previous studies have reported <0.03% rituximab-related lung toxicity. [25] Pulmonary toxicity related to rituximab is rare but potentially fatal, and any patient experiencing respiratory symptoms in association with rituximab therapy should be monitored closely.
Our study is one of the few prospective evaluations of the long-term effectiveness of R-chemo in DLBCL patients in real-world settings in China to date. The prospective design of the study allowed the use of accurate definitions of AEs with closer and more systematic surveillance during the follow-up period, to provide estimates of effectiveness and safety profiles that are closest to clinical practice. Our study shows that R-chemo is an effective and well-tolerated regimen during a 3-year follow-up. Apart from its health benefits, economic evaluations of rituximab show that its use both as monotherapy and in combination with chemotherapy is a cost-effective intervention for the treatment of DLBCL or FL globally. [26] In 2016, a cost-effectiveness study of R-CHOP compared with CHOP was performed in China and concluded that R-CHOP was significantly more cost-effective than CHOP alone. [27] Taken together, R-chemo should remain part of the standard regimen for first-line treatment of DLBCL or FL in China, and additional patients are likely to further benefit with increased patient affordability of rituximab. Some limitations should be emphasized when interpreting the results of this study. First, although a standard protocol was implemented across all participating centers, the reporting practices of physicians were not always consistent, which could have introduced bias into the results. Second, the limited numbers of FL patients may have reduced the robustness of the analyses. Additional studies in these populations are therefore required to fully establish the safety and effectiveness profiles of R-chemo in the treatment of DLBCL and FL.
In conclusion, this 3-year follow-up study indicates that R-chemo is effective and well tolerated in real-world clinical practice as first-line treatment in patients with DLBCL or FL in China. A standardized approach to the management of HBV infection, including screening, monitoring, antiviral prophylaxis, and follow-up strategies, is required in DLBCL or FL patients receiving R-chemo.
